The objective of this study was to evaluate the feasibility of construction and demolition (C&D) waste wood to produce of particleboard. The raw material was obtained from a waste recycling company and it was divided into four types of materials: MDF (medium density fiberboard), MDP (medium density particleboard), plywood and timber. After reduction of these wood product residues to particles, particleboards were produced, in the UFPR Laboratory, with urea-formaldehyde resin and a target density of 0,75 g / cm³ and their physical and mechanical properties were determined. Particleboards made from industrial Pinus spp. particles were also produced as control samples. C&D wood waste showed potential for use as raw material for particleboard. The properties of particleboard made of recycled timber, MDP, plywood and the mixture of the four sources of material indicated that particleboard industries could use these waste resources for the production of the inner layer of MDP products.
INTRODUCTION
Municipal solid waste (MSW) is the waste generated not only from domestic, commercial activities and the general population but also produced by the construction and demolition sector. The MSW per capita has been increased worldwide and became a major environmental threat (Karak et al. 2012) . The MSW generated in Brazil in 2015 was approximately 80 million tons 10,2% higher when compared to the previous year, and the Construction and Demolition (C&D) waste represented a considerable part (56,3%) of this total (Abrelpe 2016) . C&D waste can be defined as the waste from building debris, rubble, earth, concrete, steel, timber, site clearance materials, construction erection, renovation and demolition activities (Shen et al. 2004 ).
C&D waste is unavoidable and implementing "zero waste" management would be impractical, so it became critical to pursue solutions to waste reduction, reuse, recycling and disposal (Yuan and Shen 2011) . The current Brazilian legislation delegates, since 2002, a chain of responsibilities for C&D generators. It is an obligation of the generator to minimize the C&D waste and at the same time propose waste reuse or recycling actions. The legislation also classifies timber and wood products as a C&D waste component that has its reuse limited if the material is contaminated by environmentally harmful materials, such as dyes, mold release agents or chemical preservative treatments (CONAMA 2002) .
Thus, timber and wood products from Brazilian C&D waste have a potential value still unexploited by industries. The use of recycled material also attends to growing demand for environmentally friendly products. But also considering that the lignocellulosic materials of particleboards are responsible for the physical-mechanical properties, the choice of woody material is fundamental for the final product (Melo et al. 2015) . Therefore, the aim of this work was to evaluate the mechanical and physical feasibility of using timber and wood products from C&D waste as raw material to produce particleboard.
MATERIAL AND METHODS
Particleboards were produced with C&D waste timber and wood products collected in the metropolitan region of Curitiba, Brazil. The material was segregated into four classes according to its origin: MDF, MDP, plywood and timber. The collected waste was processed initially in an industrial grinder, followed by a hammer mill and classified by automatic sieving. The particles retained between 8 and 14 mesh sieves were dried to an average moisture content of 3%.
Length, thickness and width of 100 random particles from each source were measured by a digital caliper. Slenderness ratio (length/thickness), flatness ratio (width/thickness) and particle surface area (calculated by the equation suggested by Moslemi (1974) , adapting the density of the material for the apparent bulk density) were determined. The bulk density was obtained on an adaptation using the basis of the procedures described in the Brazilian Standard ABNT-NBR 6922 :1983, whose volume was determined in a 2 liters' test tube and mass obtained using a digital scale.
Six types of particleboards were produced: one for each class of C&D waste, one mix at the ratio of 25% of each residue, and one control sample manufactured with Pinus spp. particles obtained in a particleboard industry. Urea-formaldehyde resin (UF) was applied at 8% based on oven dry weight. One percent ammonium sulfate was added in the resin as a hardener and 1% paraffin wax emulsion was applied to reduce the particles hygroscopicity. The target density was 0,75 g/cm³ and three panels were made for each treatment. The dimensions of particleboard were 50x50x1,5 cm. Press temperature was Recycling wood waste from..: Azambuja et al. 160 ° C, pressure was 4 MPa and pressing time was 8 minutes.
Physical and mechanical properties were evaluated based on European and Brazilian standards: apparent density (EN 323:1993) ; water absorption and thickness swelling after 2 and 24 hours of immersion (EN 317:2002) ; moisture content (EN 322:1993) , module of elasticity in bending and bending strength (EN 310:2002) ; transverse tensile strength perpendicular to the plane (EN 319:2002) ; face and edge screw withdrawn resistance (ABNT-NBR 14810-2:2006).
Data for physical and mechanical properties were fitted in a completely randomized design and evaluated by analysis of covariance (ANCOVA) using the density value as the covariate using Statgraphics Centurion XV.II software. Then the treatment means were ranked by Tukey test (α = 0,05).
RESULTS AND DISCUSSION

Particle characterization
Particle sizes used as raw material are presented in Table 1 . However, it was not feasible to determine MDF particles' dimension due to their wood fiber composition origin. During the hammer mill process, a great amount of the MDF particles were defibred to a degree that became impossible to measure their dimensions. Thus, the only information collected from this material was its bulk density. Slenderness ratio (SR) from control samples (Pinus spp) was statistically higher than the other material, meanwhile samples produced with recycled MDP and plywood showed lower average values. Both MDP and plywood samples had adhesive in their original composition. The presence of this residue adhesive on the particle surface could be responsible for the production of higher thickness particles that resulted in lower SR values. The residue adhesive also influenced the flatness ratio (FR) result, but in a different way. FR values from recycled timber were higher than the values found for particles produced with other C&D waste material or the control sample. Recycled timber, without adhesive, presented with lower width values than the samples originated from already processed material.
There were significant differences among all surface area (SA) and bulk density (BD) values of the samples. Particles of Pinus spp used at a traditional particleboard industry showed a statistically higher SA value than particles produced from C&D waste, as a consequence of a lower BD of the sample. Higher BD of recycled MDP and plywood can be explained by the presence of adhesive and other chemical additives used in the manufacturing of the original product. The higher BD of recycled timber when compared with Pinus timber can be explained not only by the presence of contaminants, but also by its composition with different species of hardwoods and softwoods. However, recycled MDF particles were the material with the lowest BD value. According to Vale et al. (2011) materials with bulk density values close to 0,1 g/cm³ can be considered as light. Even with the methodology applied to determine the SA, it was not possible to measure the SA of MDF particles, it was assumed that this kind of material has high surface area as a result of its particle size.
Physical properties of the particleboards
The physical properties of the panels evaluated were water absorption and swelling in thickness and measured in periods of 2 and 24 hours in submersion. The results of these tests are presented in the Table 2 . The particleboards final density ranged from 0,67 g/cm³ to 0,75 g/cm³, with statistically significant difference ( Table 2) . Only when the mixture of all C&D waste was used as raw material, did the final particleboard reach the target density (0,75 g/cm³). The lower density from the other treatments can be attributed to springback after the boards pressing and acclimatization to the equilibrium moisture content of 12%.
Water absorption (WA) average values after 2 and 24 hours of immersion for particleboards made of recycled MDP, timber and the mixture of different C&D waste were lower than the control particleboard and treatments made of recycled MDF and plywood. Thickness swelling (TS) values after 24 hours were also statistically lower for the same group of particleboards with lower WA. After 2 hours of immersion, TS values of the particleboards, with the exception of the ones produced with recycled plywood, met the 8% minimum requirement of the European standard (EN 317 2002) . Although after 24 hours of immersion, none of the treatments met the minimum requirement of 15% (Figure 1 Despite the fact that the TS values didn't achieve the standard requirement, particleboards from recycled MDP, timber and waste mixture were lower than results reported for particleboards made of recycled material. Lykidis and Grigoriou (2008) tested particleboards made of recovered wood particles and reported TS values after 24h immersion ranged from 37,03 to 59,11%. Nourbakhsh and Ashori (2010) produced particleboard with a mixture of poplar (Populus deltoides) wood and 50 or 75% of waste newspaper and reported TS values between 20,5 and 25,9% depending on the press temperature. Weber and Iwakiri (2015) reported TS values of 16,65 and 32,26% for particleboards produced with recycled MDP and plywood, respectively.
Mechanical properties of the panels
The results of the bending test, internal bond (IB) and face and edge screw withdrawn are shown in Table 3 . Particleboards produced with recycled plywood and timber had MOE average values statistically similar to the control sample and higher than the other treatments. For MOR property, the use of recycled timber resulted in an average value statistically higher than the one for particleboards made with industrial Pinus particles. This result could be associated with the slenderness ratio of the recycled timber particles, once higher slenderness ratio usually is associated with better bending results (Moslemi 1974 , Maloney 1993 . None of the evaluated treatments met the standard requirement from EN 312:2003, of 1600 MPa for MOE and 13 MPa for MOR. It is noteworthy that this study used construction and demolition wood waste, which can be considered materials in the end of their life cycle. Also, the previous uses of these products can cause contaminations that can cause negative influences in the particles production and Recycling wood waste from..: Azambuja et al. the glue bond of the panel.
Considering the control as the particle used in industry to produce MDP panels, it can be admitted as the minimal industry quality. The difference between standard and the control can be explained as a consequence of different production in laboratory and industry. That way it can be said that the treatments that were equal or higher than the control possesses potential for production on an industrial scale. The treatments that overcome control values were 4 and 5, plywood waste and timber waste, respectively.
An alternative to increase the bending resistance (MOE and MOR) of the particles used in this research is to change the methods of particle production. This change in process should aim to produce thinner particles. Vital et al. (1992) and Alves (2013) , state that the particles decreasing of thickness results in a better distribution of tension inside the panel, this is because there is reduction of voids and consequently better resistance to bending in the panels.
The average values of internal bond varied from 0,18 MPa (MDF waste) to 0,96 MPa (timber waste). The particles of timber waste produced panels with IB statistically equal to the Pinus control panels. Except for panels produced with residue of MDF, all the other panels achieve the EN 312:2003 requirements of 0,35 MPa. Candan and Akbulut (2015) using nanoreinforcement in particleboards, produced panels with internal bonding bellow 0,4MPa, lower results than the ones found in MDP, timber and the mixture of residues. Also, the low superficial area, resulting in more available resin, as observed for particles from MDP residues, did not influence the increase in the IB of the panels, as reported in the literature (Moslemi 1974 , Maloney 1993 . Regarding edge screw withdrawal (ESW), average values ranged from 341 N (MDF) to 1139 N (Pinus). All panels produced with residues and mixtures showed statistically lower mean than the Pinus control panels. Only panels produced with residues of timber and the control presented average ESW values above the minimum requirement of 800 N as established by ABNT-NBR 14810-3:2006 . It should be noted that the variations in the values of the bulk density of the materials analyzed did not directly influence the results of screw withdrawal. Moslemi (1974) and Maloney (1993) argue that panels produced with higher specific gravity or from materials with lower bulk density have higher compression ratios that result in panels with greater resistance to screw withdrawal. These results were not confirmed in this study.
There is the possibility of using the residues from this research as the inner layer of MDP panels as fillers, as they reach satisfactory values of perpendicular traction, an important property for the material of the inner layer. This assertion is corroborated by the fact that the rupture of this test occurs in the inner layer of the test specimen, so the recorded load reflects the resistance of this region. The treatments that obtained minimum standard requirements and therefore qualify for this purpose were the treatments MDP, plywood, timber and mixture of residues.
CONCLUSIONS
The wood present in construction and demolition wastes has potential for use in the production of MDP.
The panels produced with timber residues presented the best results among the residues, satisfactory when compared to the Pinus control panels. This is an important result in view of the higher volume of this type of material in the total of construction and demolition waste collected by the recycling company.
The treatments of MDP, plywood, timber and the mixture in equal parts of residues, can be used as MDP panels inner layer filler, because they have satisfactory internal bond results. From these results, it is recommended to carry out studies considering other process variables, in order to improve mechanical properties such as MOE and MOR in static bending.
